We study e e ÿ ! J= c c by measuring the invariant mass distribution recoiling against fully reconstructed J= decays, using 124 fb ÿ1 of data collected at a center-of-mass energy of 10. Prompt J= and 2S production in e e ÿ annihilations around s p 10:6 GeV has been observed by both the BABAR [1] and Belle [2] experiments. These interactions provide an opportunity to study both perturbative and nonperturbative effects in QCD and to search for new charmonium states [3, 4] . Belle [5] reported the observation of c 1S, c0 , and c 2S in the mass distribution of the system recoiling against a reconstructed J= in e e ÿ annihilations. The production cross sections measured by Belle are about one order of magnitude higher than those predicted by nonrelativistic QCD (NRQCD) calculations [4, 6, 7] for e e ÿ ! ! J= c c reactions, where c c is a charmonium state with even C-parity. There have been attempts [8] [9] [10] [11] [12] to reconcile the large discrepancy between the observed cross section and predictions, and the validity of NRQCD approximations has been questioned [9, 13] . It has also been suggested that at least part of the double charmonium production might be due to two virtualphoton interactions [10] , i.e., e e ÿ ! ! J= c c, where oddC-parity states could be produced. Belle updated its observation and explored the origin of the J= c c events [14] .
In this paper we present a measurement of the cross sections for e e ÿ ! J= 2 c 1S, e e ÿ ! J= 2 c0 , and e e ÿ ! J= c 2S, and set limits on the yields for other known charmonium states produced in association with a J= . We calculate the mass (M rec ) of the system recoiling against a fully reconstructed J= via:
where s p is the e e ÿ annihilation energy in the center-ofmass (CM) system, and E J= and p J= are the energy and momentum of the J= candidate in the CM system.
In this paper, we analyze 112 fb ÿ1 of data collected at the peak of the 4S resonance and 12 fb ÿ1 at s p 10:54 GeV, just below the 4S, with the BABAR detector [15] operating at the asymmetric energy PEP-II e e ÿ storage ring. The BABAR detector includes a five-layer, double-sided silicon vertex tracker (SVT) and a 40-layer drift chamber (DCH) in a 1.5 T solenoidal magnetic field, which detects charged particles and measures their momenta and specific ionizations (dE/dx). Photons and electrons are detected with a CsI(Tl)-crystal electromagnetic calorimeter (EMC). An internally reflecting ring-imaging Cherenkov (DIRC) is used for particle identification. Penetrating muons are identified by an array of resistiveplate chambers (RPC) embedded in the steel of the flux return (IFR). We select events with at least five well reconstructed charged tracks in the DCH, within the fiducial volume 0:41 < < 2:54, where is the polar angle. Electron candidates have a pattern of specific ionization (dE/dx) in the DCH, a Cherenkov cone angle, an EMC shower energy divided by momentum, and a number of EMC crystals that are consistent with an electron hypothesis. A muon candidate is selected on the basis of energy deposited in the EMC, the number and distribution of hits in the IFR, and the match between the IFR hits and the extrapolation of the DCH track into the IFR. A more detailed explanation of particle identification is given elsewhere [1] .
A pair of oppositely charged lepton candidates originating from a common vertex is selected as a J= candidate if its mass (m' ' ÿ ) falls within ÿ50; 30 MeV=c 2 (for e e ÿ ) or ÿ30; 30 MeV=c 2 (for ÿ ), of the nominal J= mass of 3:097 MeV=c 2 [16] . In the calculation of me e ÿ , electron candidates are combined with nearby photon candidates in order to recover some of the energy lost through bremsstrahlung radiation. These mass intervals are referred to as the J= mass windows. In order to improve the p J= resolution, we perform a kinematic fit where the J= candidate is constrained to have the nominal J= mass.
There are two main background sources in this analysis: events with genuine J= mesons and combinatorial background. The region 60 MeV=c 2 < jM' ' ÿ ÿ MJ= j < 200 MeV=c 2 , defined as the J= mass sidebands, where MJ= is the nominal J= mass, is used to estimate the combinatorial background due to random tracks. This background is largely rejected by particle identification, and by a requirement on the lepton helicity angle in the J= decay, j cos l j < 0:9, as shown in Fig. 1(a) and 1(c) .
The largest backgrounds are due to real J= mesons from QED processes such as J= or 2S mesons produced via initial state radiation (ISR). J= mesons from B meson decay have p < 2 GeV=c and do not constitute a background for recoil masses below 6:6 GeV=c 2 . Most QED backgrounds have low multiplicity, and may have electrons or photons escaping detection along the beam line. These backgrounds are suppressed by the requirement of at least five charged tracks and the following requirement: for each event we calculate the energy deposited in the EMC plus the energy that can be attributed to an undetected electron or photon,
where E EMC is the total energy deposited in the EMC, and p miss is the missing momentum in the lab frame in the event. We require E QED ÿ E beams < ÿ1:0 GeV as shown in Fig. 1(b) and 1(d) , where E beams is the sum of the e e ÿ beam energies calculated in the lab frame. We reject the J= background from 2S events by vetoing events if the invariant mass of the J= candidates combined with any pair of oppositely charged tracks with pion mass hypothesis is within 15 MeV=c 2 of the 2S mass. The recoil mass distribution for events in the J= mass window is shown as points with error bars in Fig. 2 . The ISR 2S background is estimated using a Monte Carlo sample of ISR 2S events. The 2S feeddown background from continuum production is estimated using continuum 2S events selected in the data.
The spectrum in Fig. 2 is fit to the sum of signal functions representing the c 1S, c0 , and c 2S lineshapes, plus a second-order polynomial background function. The signal line shapes are obtained by convoluting the Breit-Wigner line shape of each resonance with a fixedwidth Gaussian representing the recoil mass resolution function. The widths of the Gaussians are determined from a Monte Carlo simulation of the momentum of the reconstructed J= ; the J= momentum resolution is different for the J= ! e e ÿ and J= ! ÿ samples, but independent of the recoiling system. This shape in turn is convolved with a long radiative tail that is calculated to O 2 [17] for ISR photons that carry off an energy greater than 10 MeV. The free parameters in the data fit are the coefficients for the background parameterization, the event yields for each resonance, the masses of the resonances, and the c 2S total width. The total widths for the c 1S and the c0 are fixed to their world average values [16] of 17:3 MeV=c 2 and 10:1 MeV=c 2 , respectively. The fit is performed simultaneously to the recoil mass spectra in the J= ! e e ÿ and J= ! ÿ samples, and the total event yield for each resonance is given by the sum of the yields in each mode.
The fit result is given in Table I and is shown as the solid curve in Fig. 2 . Other known charmonium states may also be produced in association with the J= via two virtual- 
